Number of expected and observed runs of successive ohnologs and singletons in DCS regions. We found no evidence of any regular patterning in the alternation of ohnolog and singleton genes in the trout genome. The small differences between expectations and observations are most likely an artifact due to split gene structures, where different exons of the same gene are wrongly annotated as different genes, as these would appear as several successive ohnologs or singletons instead of only one gene. Together with the high retention of collinearity between duplicated scaffolds, this result suggests that gene fractionation mostly occurs through random mutations and sequence decay, rather than through large-scale deletions and rearrangements. showing that ohnologs with highly correlated expression levels (HC) display on average both lower dS (rates of substitutions per synonymous site) and lower dN (rates of substitutions per non-synonymous site) than ohnologs with uncorrelated expression levels (NC). This suggests that correlated ohnologs are overall subjected to lower mutational rates in addition to higher selective pressure, as evidenced by their lower dN/dS ratios (Figure 4 , main text). Variations in main expression levels (same expression levels: SE; different average expression levels: DE), however, are not related to differences in mutational rates within the HC and NC groups. Numbers of ohnolog pairs in each group: HCSE=1,407; HCDE=1,895; NCSE=1,248; NCDE=1,573.
: Summary of the evolutionary history of the duplicated trout genome. Summary of (i) the ancestral linkage groups before the Ts3R WGD event (column 1). (ii) their descending linkage groups before the Ss4R event (column 2). (iii) the resulting ohnologous regions on modern trout chromosomes (columns 3 and 4; chromosomes in column 3 share regions of Ss4R paralogy with all the chromosomes in column 4). Pre-Ss4R linkage groups were considered as Ts3R-ohnologous if they share at least 5 pairs of Ts3R ohnologs (as deduced by orthology with medaka Ts3R ohnologs). While each pre-Ts3R linkage group resulted in two linkage groups just after the WGD event, rearrangements may have occurred between the Ts3R and Ss4R events, so that more than two pre-Ss4R groups can contain regions descending from a single pre-Ts3R group. Large ohnologous regions between trout chromosomes were defined as regions sharing at least 20 pairs of Ss4R ohnologs. Again, because of rearrangements since the Ss4R WGD, each pre-Ss4R linkage group can be split on two or more chromosomes (and most modern chromosomes are mosaics of regions originating from different pre-Ss4R linkage groups). Of note, some pre-Ss4R linkage groups possibly correspond to single ancestral chromosomes (for example, II.b and II.c, which both correspond to regions of modern chromosome 3 and additional ohnologous regions on chromosomes 22 and 2) but evidence was insufficient to regroup them in the ancestral genome reconstruction process (see Methods). Conversely, many pre-Ss4R could not be paired as descending from the same pre-Ts3R linkage group due to inconclusive evidence. These groups were reported as different ancestral linkage groups (IX to XIX, the second post-Ts3R group being shown as NA: Not Assigned), although it is likely that the ancestral genome before the Ts3R contained less than 19 chromosomes (estimated 13) 2 and several of these groups are actually Ts3R duplicates. 4 and Ss4R ohnologs in trout were compared to the remainder of the ancestral gene set for functional enrichments, using a random sampling procedure (10,000 iterations, resulting in an empirical p-value corrected for multiple tests using Benjamini-Hochberg false discovery rate correction with an FDR of 0.1). 
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Supplementary Methods
Rainbow trout doubled-haploid genomic DNA preparation.
A single homozygous doubled haploid YY male from the Swanson River (Alaska) clonal line 5, 6 was used for all the sequencing. The identity of this male was confirmed to the 
Genome assembly error corrections with Solexa/Illumina reads.
Sequence quality of scaffolds from the Newbler assembly was improved by automatic error corrections with Solexa/Illumina reads 12 , (70-fold genome coverage). These Illumina reads were mapped onto the 454 assembled scaffolds using the BWA pipeline 13 and Samtools 14 .
Only uniquely mapped reads were retained in the analysis. By applying Samtools pileup we 
Sequence anchoring on the genetic and physical maps
Anchoring to the consensus genetic map: A total of 2,226 markers from the INRA linkage map 15 were used to perform blastn alignment and in silico PCR (e-PCR) amplifications using the assembled sequences as a template. Blastn searches against scaffold and contig sequences were carried out using an e-value cut off of 1e-5 with following parameters (-r=1 -q=-1 -G=4 -E=2 -W=9 -p97). When alignment length was equal to subject length ± 5 nucleotides, the blastn results were directly validated. Otherwise, manual stringent blastn analyses were further carried out to remove nonspecific blastn hits using the following parameters (-r=1 -q=-3 -G=5 -E=2 -W=11 -e=0.001). Validation was performed as follows: for non-rainbow trout salmonid markers, the best hit was validated even if blastn identity was < 97%. For trout markers, blastn identity should be > 97%. Disruption of blastn alignment for EST-derived microsatellite sequences was accepted due to possible intronic sequences. For the in silico PCR amplifications (e-PCR ) 16 , both forward and reverse primers generated from 5' and 3' microsatellite and SNP sequences were used. The e-PCR amplification products were subsequently filtered to keep only markers with hits showing 100% identity and alignment length equal to that of known corresponding marker sequence. Only alignments corresponding to a unique location on the assembly sequence were kept for further steps. In fact, for duplicated markers having multiple alignments and for markers expected not to be duplicated sharing sequence location with others markers, assignment could not be disentangled. This final set of alignments corresponded to our anchoring starting point.
Anchoring to the physical map: The anchoring process was extended by using BAC-end sequences (BES) data 7 and physical information from the second-generation physical and genetic-integrated maps 17 . Firstly we added assembly sequences containing at least one BES pair and placed between two sequences already anchored that were located on the same physical contig. Secondly, we assigned every assembly sharing at least two BES pairs with any previously anchored sequence to the corresponding linkage group. The process was Anchoring to the RAD-based linkage map: A publicly available rainbow trout RAD-based linkage map 18 (4,563 markers assigned to 29 linkage groups) was used for the final step.
Marker sequences were mapped on the scaffold sequences using megablast alignment with following parameters (-E=0, -G=0, -p=100, -W=68). These alignments were then used to extract non-redundant assignment with the previous anchoring data. A sequential use of data from linkage 15, 18 and physical 10 maps was used to anchor the sequence assembly onto chromosomes. The first anchoring step was performed onto the INRA consensus linkage map 15 . The assigned sequences served as a starting point for an iterative anchoring process based on information from the physical map 10 . Final sequence anchoring was enriched using markers from a high density/medium resolution RAD-based linkage map 18 . Megablast searches on the RAD-based linkage map resulted in the alignment of 3,898 markers. The 3,881 markers with a unique hit (7 markers with multiple hits were discarded) were aligned on 2,368 assembly sequences. The RAD-based linkage information identified 58 scaffolds with multiple map assignments that were excluded from further analyses. Among the 2,310 remaining sequences that were assigned to unique linkage groups, 528 were assigned in earlier steps and 1,782 were newly assigned. Because of the low resolution of the map, this corresponded to 270 different locations, with 1 to 190 sequences per location (average equal to 9).
Rainbow trout transposable elements.
Classification of TEs was based on Wicker's classification 19 . The rainbow trout TEs database was built combining both manual and automatic annotation. Two TE sequences were included independently in the database if their sequence diverged by more than 20% at the nucleotide TEs. To better classify sequences, alignment and phylogenetic tree construction were performed using the ClustalW and PhyML package 20 , respectively, with default parameters.
Phylogenetic reconstructions were based either on reverse transcriptase for retrotransposons or transposase for DNA transposons. TE homology was also compared using CENSOR software 21 , which searches for homologies in Repbase 22, 23 . Automatic libraries and manual library were combined, avoiding redundancy; the most exhaustive library contained 633 sequences. The genome was masked and percentage of TEs was determined using
RepeatMasker software 24 (and http://www.repeatmasker.org/). Twenty two percent of the genome was masked with the manual library and an additional 16% of the genome was masked using the final combined library, totaling 38% of the genome maksed by TEs and repeat sequences. The output file from RepeatMasker was parsed using an in-house script in order to count the number of hits per family. To evaluate the age of TE copies, Kimura distances were calculated based on the alignment (consensus from the TE library versus copy in the genome) generated by RepeatMasker. The Kimura calculation uses the rates of transitions and transversions. Those rates are then transformed in Kimura distances using
where "p" is the proportion of site with transitions and "q" the proportion of site with transversions.
Repetitive elements represent about 38% of the genome, with a large proportion of transposable elements (TEs) (about 27.73% of the genome with a genome size of 2.4 Gb, Supplementary Table 6 ). In comparison to fish and other vertebrate genomes, the TE coverage of the genome is within the expected range, if we take into account the differences in genome size: takifugu (0.4 Gb / 2.7% of TEs) 25 , Nile tilapia (1.2 Gb / 14%) 26 , zebrafish (1.7 Gb / 20%) 27 , mouse (2.9 Gb / 38.2%) 28 , Atlantic salmon (3 Gb / 30%) 29 , clawed frog (3.1 Gb / 37%) 30 , 1989) and humans (3.4 Gb / 44.8%) 31 .
Both retrotransposons and DNA transposons were identified in a wide variety of families. Using Kimura distances, we estimated the relative age of the different TE families in the genome of the rainbow trout ( Supplementary Fig. 7 ). It appears that two or three main bursts of transposition occurred in the genome. The most ancient one is mainly due to a high activity of Tc-Mariner families (Kimura value 41). In the second (around Kimura value 12), an increase of all families and particularly CR1 is highlighted. Finally, the last one (Kimura value 8) shows a new burst of Tc-Mariner activity.
Interestingly, retrovirus sequences were identified in the MHC region. One of the retrovirus sequences presents high similarity (91% on 360bp) with a VHSV (Viral haemorrhagic septicaemia virus -Rhabdovirus)-induced mRNA of the rainbow trout (Accession number AF483545). This suggests that the retrovirus was expressed in response to infection by VHSV virus, suggesting that it might be involved in defense reactions against other viruses.
Alignment of predicted proteins on ohnologous genomic DNA.
To better understand the fate of inactivated gene copies, we aligned the protein sequence predicted from a given gene model on its paralogous region, yielding 569 high confidence paralogous regions. In the case of singleton genes, this allows us to model the structure of the gene or pseudogene that may be located in the region or, if no alignment can be found, to identify a case of deletion or a gap in the assembly. Alignments were performed using exonerate 32 with the "--model protein2genome" option. Each protein sequence was compared to the genomic sequence of the entire ohnologous scaffold. A custom-made python script was then developed to diagnose 5 possible situations: 1) Absent: no alignment could be generated at all, presumably because the corresponding genomic sequence is absent from the scaffold due to a gap in the assembly or a deletion in the genome. 2) Ambiguous: if 5 or more independent gene structures could be modeled by exonerate on the corresponding scaffold, we then considered that the correct paralogous copy of the query gene could not be reliably identified among the different copies. 3) Functional: if less than 5 gene structures could be modeled by exonerate, the largest model included more than 90% of the amino acids in the query sequence, and that model did not contain stop codons or frameshifts. This gene structure was then considered as potentially functional, i.e. may be a gene annotation missed by the annotation pipeline or a pseudogene with an essentially complete open reading frame.
4) Incomplete: Same as Functional, but the model includes less than 90% of the amino acids of the query sequence. This may be due to a gap in the assembly or to a truncating deletion or to amino acids incorrectly incorporated in the query sequence during the annotation process.
5) Pseudogene: if less than 5 gene structures could be modeled by exonerate, the largest gene structure includes at least one premature stop codon (with reference to the gene structure of the query) or at least one frameshift, we then considered this gene structure as a pseudogene.
In 21.3% of cases we could not identify a match, probably because of gaps in the assembly.
Pseudogenes and incomplete gene models account for 56.2% of the exonerate results, while 10.4% and 11.5% singletons generate functional and ambiguous gene models respectively.
We therefore find that 66.4% of singletons generate a clear paralogous gene model (pseudogene, incomplete and functional models). Figure 3c and Supplementary Fig. 2 describe the %ID of the singletons against their pseudogene model.
RNA-Seq and small RNA Illumina libraries preparation
RNA-Seq Illumina Libraries were prepared starting with total RNA (2-4 µg), mRNA was polyA-selected, chemically fragmented and converted into single-stranded cDNA using random hexamer priming. Then, the second strand was generated to create double-stranded cDNA. Paired-end libraries were prepared using SPRI works apparatus without sizing.
Briefly, fragments were end-repaired, then 3`-adenylated, and Illumina adapters were added.
DNA fragments were PCR-amplified using Illumina adapter-specific primers and then purified. Finally, libraries were quantified by qPCR (MxPro, Agilent Technologies, USA) and library profiles were evaluated using an Agilent 2100 bioanalyzer (Agilent Technologies, USA).
Small RNA libraries were constructed according to the Small RNA v1.5 sample preparation guide (Illumina). 5µg of total RNA were used for the construction of each library. Briefly, a 3'RNA adapter and a 5'adapter were ligated to both small RNAs ends. RT-PCR amplification was performed and the PCR product was run on a 15% polyacrylamide gel. The band corresponding to miRNAs plus adapters (around 90-100 bp) was excised from the gel and eluted. Quality and quantity of the product was checked using a DNA 1000 chip (Agilent).
Gene Ontology analyses
Enrichment for particular functional classes was performed for the different categories of ohnologs identified according to their expression patterns, and independently, for the genes that have been recurrently kept as ohnologs at the 1R-2R, Ts3R and Ss4R duplication events.
In the first case, trout genes were functionally annotated by reporting the Gene Ontology (GO) annotations of their orthologs in the human genome. The sample sets were in turn the HCSE, HCDE, NCSE or NCDE ohnologs, and the control sets were the remaining ohnologs, in order to test whether different patterns of expression correspond to functionally distinct sets of genes within the entire ohnolog set. In the second case, the ancestral genes present in the ancestral vertebrate genome (Euteleostomi, as deduced from the gene trees generated by TreeBest) were functionally annotated by reporting the GO annotations of the modern human genes. The sample set was the ancestral genes that have been retained as 1R-2R, Ts3R and Ss4R ohnologs, while the control set was the remaining ancestral genes, in order to test whether particular functional classes have been preferentially amplified and retained through successive rounds of WGD. In both cases, the GO analyses were performed in two steps: we obtained statistically enriched functional annotations in the sample set using a random sampling procedure (10,000 iterations, custom Perl script) with corrected false discovery rate for multiple testing (Benjamini-Hochberg FDR correction, with a 10% FDR threshold). The exact enrichment p-values for GO terms detected as significant through the random sampling procedure were then calculated using Fisher's exact test in R.
